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^i&f&J^i&Jf} tSSsMf^ ( CNS ) A4#L#- ( 210X297^ ) 



A7 

B7 

jl - 4*ghK.g§ ( ) 

i 

*. # B ^ 4& * 4* - 4a 4SL M ft >S'J JR. * A A « * It ft V 
M -f- # ft >*j & ft ' # JM * *S - *T it *P ft *j & 4t 4l # & 
5*. « 4b & >h M. -f- & 4a 42. *p 8f ft >^.J & & 4t • 

* # «. ^ # a? * m mokf » HttAt4iiL*ifc 

5 W-^.-f*'f1s^tb#4L4t#"'#/9f* >*'J 4a -fit (phase) #j ft >fb 
M ft > £ & - it & v * & - IRt&'«,**b*M4(!7«ft 

itb & -f- & ft t ° 

& * *b £ -f- >P ft'W ft^J^'fitififflHSE.'fit^-AA-it.A ' 

io * £. > a # as ft # m a? * *j e, m. 4a # & & • <a # *° & 

A * 3* % SI * *j ft 4b • * ft it A it # *b £ -f- >^ ft # 4i to * 
>*J # £ I* ^ • m ifcb ■ *f f 4£ M 

JsJ SH- # (optical common path configuration)-^ *fe BO ft 
4£ # -fe 4a is) Hfc H • ^ ^ 4£ 4a to & ^ *h ^ m *it ^ =1* ° 
15 Sp «. *o itb • *» ^ - m ftT f It A #f #| * - & & % 357259 

*ag-^.4Lfi£ft>5ra&^ftit-ffl Mach-Zehnder -f- ft > ii £ 
flfe - Bfc * ffl *t * ' «pHft*&2*l4Hk;£B£ • #, || * # 4a 
3@. (phase lock loop) 4a to 4£ >>J ft (phase sensitive 
20 detector) » # 4a A A ii (lock-in amplifier) l^^^liW 4a 
ttA'h > it /& ft «-J 4a to sSL =tP ^ (doppler)^ SL M it # 
4fc fit ' * # 4a to ft *J m**-*-*** * £.*> V*3±SLM«i m 
fj M & n 4» • asfcAftl'JLiWA^^it^^ftW^JIfe • 
* * ^ S ^ * JH- ^ Ml -f >^ ft ^ 4a -fit ft *j b$ m * S«J 
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A7 

B7 

i > fcWi&W ( ) 

2 

* • m&zft H ' r & fa M i %>l %L £L M ft i£ 

* «■ W 4i S # ft 4fc - It & iSL Ml * m & % . 
5 £6 #**£^»*4L**flrttJ§&£fe;&*.i!jt3S - it 
a ti Iff ft # A %t A > u>&L3&3&&mz-$k ' 



n 

* # a £ 41 3 - S ##ft#-*2fcfflJii£;te4fcifc*pBfr*|jE 



*J£**i#&*&^ 1 4S4b&*Mt^ : - -fit g P * *j & & , 

it * # A *P $ ftj #>Jfe ^ • 
|l 0 ^ & W ^ & ~ 3 & ~ M ft ± & ft fa Ml B$ 

*J * & -«5 ^. « 4b & ^ £ -f- & ft Hl Sp ± »j % & , & 
4J * ft & f: 4i H fa ft 4b fft A * A Blf- . ^TJ^jSS^L^tttt^r^ 
£ * # * ft 4b * • 

# w x — s m ft 4& - m. M m _l i& & ml m *p * 
li 5 »jiti^.^#«^*^b*^it-f *a 4& Etp 4 »j & *& ' °r 

m S JW & # *g >flL 4i ft 4b # 33 ft if #p j& ^> 3- ft o 

itt&afcAS^sftitafcA • sft. «. *fr * far ft -ft ^ 4t & 4£ ft *i 

fl& # £ *S 4fc ft 4b • ^ffi3#3fcft*f4#J^i£#^S&& 
£ A ' A it S'J -L i£ 41 3 # ' * ^ a /3 41 *i 4£ £ 4 £'J It £ 

f» ft ^ #J # » £b 4i — t at ft # • f£ ^ Ml -f- # ft 4i i£ — 4t * 



»5JC 
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A7 
B7 



JS. * ( ) 

3 



n 4* £ M ft ffl & ft * > U JSl H Ml Ml * *L & $k • ** * a>J & * 
: - 115 ^ A is • « tt — « *fc 4lfr Jfc 4B j£ afc *. ■ 

n jfc • &&&&m¥M.&rB$mmft3Lj£.&& & - a 

% m ^® w & ±. & s m - ft wl m m. m # & m * «. &. 

* *£ -ft t- <H M. K ^ B9 ^ *L ^ *» T ' : 

% -mi%% m m^h & & & m & & ft £ ^ & tJktb & 
!io & n ; 

& iq «&■ «. *h H. -f- yf 4k ^ * ® ; 

4b & ft £^f- it® ; 
115 % & M % ^ M ^mfc ft % $k foVfo &Si$L^- ft 

$ g] ; 

£ i ffl -ft * # m % =. *st it M -fbjfc 

% * m & ^ & W % w & ik^ foiH^^te ^ & %&i$kfe 
I20 ^b7fef ^^hlf j^^^^t i ; w^. 

£ -fc © # 4s. «■ a /§ # i 4a # * ^ « * ^ # # * 4t « >fb & 

|SJ 3& # 3*. ^ & A *h £ -f 4k ^ * © • 
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A7 

' B7 

A - ( ) 

4 

IB ffe it # *f as 4t 

10 - 20...# #i«#;*4fe;i£'fbft4t 

11 * 21... 4* >* H 

231 - 232 * 233 > 431 > 432..:^ * X J 
241 > 242...*** ft H |§ 

251 * 252. ..mttj n t 

261 > 262 » 263 - 461 * 462...«-fb * * X % 

JT 

271 - 272 * 273 - 274 * 275 - 471 > 472 - 473 - 474...^ ft 

10 28 1 * 282 - 481 - 482 ... # ;fcfr g 
291 - 292 > 491 > 492...* i& ft jfe |f 
30 > 50... M. % #L A n 
31...flr*fc£3S£ £ 
310- 51...&tftmg<f*ft#tftS 
15 31 l...*§ -fit tb 4£ 3 
312... % -^tf& 
32 - 521 - 522... ig £fc 2§- 
| 40... « * « « X +8 X ft i 4*. « 4b f # 

421 - 422. ..tt-fb 5t frft X 

n po 60...^>fb m ^ « 

f 90...£'J o°o 

| 4^ # a £ *s -fit jl * *>j jjt % *r m u s& ^ i£ % — m & 

% ^b*#*W**^Jt-f-***|l|iE^ • jft # *h £ -f- 

$! #71 
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A7 

B7 

-5. * ( ) 

5 

& * m % #, % - & ik f m &\ ' n #- # % — bb m ^ > * - 

* % (4fc 4s. * 4*J * 4* a - * ft 4b & * ^ S§ ^ ft & 4t * 
4*J )20 4t A ^ « 4b & ft - « 4b A A 1« £ & £ ' *>^*J t^t 

* & # ( A /2 wave plate) 21M £ &■ « 4b A A : 
5 23 Uf f It* ^ /fc ^ 4t J- # >*'] #7 904L 4f Sfc * * L, > & « Sk 

n m # * * l 2 - 

4f «: * '* L,,5l # * L 2 ^ #J is. * - « m * « 4t * 
X » 4 s - W t #J — % Jt IW ft II (acousto-optic modulator, 
AOM)241 - 242 » J£ * m ft If 241 - 242# M ± & m % 
10 fi 25 1 > 252J& tfr - *tflt7t^L 1 ^M#ii.t^7t^f H 
241flt « 2fc * <o , : 4lT**i|tL 2 ^.«^il«*ifc1WftS242 

m^-mM:$Li. • ^ u % & m ^ & & ft M fa $L £ i£ & • 
15 4Sf*fcifcJflL 1 #»-^fcJ}232*;|£4tjfc3*jfcJ4 261» J» 

- jfc 4* A # >I-1 4fc 90 & 4t *■ f 1 -Jfe W t 4* J» P, *t J. # 3 
%j90ifh%LgrJZLft& » S,M * © ,51 ^272,51 *f ) - # & & 

| 20 271^ 4t ^ ^ 4t # P 2 afc#* S 2 Sfe4t $~ * Ji 233^. $ ^ • 

I ^ 4b & & # 262,4 ' # l» ®L itb 4a £ Jl # ^ £ -f- ft P 

8 
x 

{ * #1 * 4* n 28 1 > 282 ^ #J *>] & 46 £t 4b *h £ -f- P 

ft 



>&(p,+p 2 )4# it Bl ft Ml >^ S^(S,+S 2 )4f ffe t: ^ » ' it« 



it 

vi 



*.*t*xJLit« taasit**^ ( cns ) A4Aua- ( 210x297^ ) 



A7 
B7 



JL - ( ) 

6 



(P,+P 2 )ilrft * A# A -f-^ssfccSt+Sa)** « tars 

*t«««*6(l^iiaftSfe»291 > 292 > ft M j& & ® m $ *l 
>*Mt ft • #i'J*>T^^^* • 



^ ( A **) = 2VV^cos(Aa* + A^p) ( 1 ) 



7, i+Ji (A**) = 2^// Si / 5i cos(A** + A&) ( 2 ) 

A IISiA I (differential amplifier)30$P /9f ^ j& 4^ ^ 
If ft *3 ?)£ ii afc A*Jt 4« ifc & lout 0 * t = 

I 0Ut (zJO = /fI Pi+ p 2 {Aa*) - I Si+S2 (Ja*)] (3 ) 

10 (I Pl ,Ip 2 )^^J *P,ifeiLP 2 ife4L» AA'h ; (I Sl ,Is 2 )^^ , J^S 1 ^ 

-5.S 2 i^iiA'h : A & J*, P, & A P 2 >& #J *1 <fe. J: ' A 0 S %. s, 

jfe A s 2 /& 64 *a -fit Ml ; A^^lf ;Hii ; r IliA 

if #7 *f .^L (gain) o 

t&jL-m&^i&ti 21 ¥] % (azimuth angle) 0 ffij 

■f * -ft ft t ^ P/& <# ft * ft : 

Ip t+ p 2 (J^yt) = 2Kcos(^ + zJ { z5 p ) (4) 

a s ifc -it ft m- ft & • 

I Si+S2 (^) = 2Kcos(/J^yt + ^ s ) (5) 

$20 *t 8f . it t» #1 A H » /^(A^)|a. 7^(Aa*) ^ *h J: -f f£ 

& 

» ft 4i tfl J£ JL afc A #T 4w & ^ -ft ft lout (A«) ft j& : 

X 

m 
*? 

K 



7 0 „, (A**) = (Afflf) - 7 Si+Sj (A**)] = 



4^sin(^) 



sin(Ac*) (6) 



& t A^ = (A^-A^) & *h £ -f- & P >& A *b ^ -f- >£• S j& 64 ft 

*9I 
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i~ - &Wi!LW ( ) 

7 



to M. ' 4 r Ksin(^)Jb a H A * • .# 9 (6) * jt % A 

£ 30#r ifa # ft ft Iout(A^) J ^ * « t« St (AM) -ft ft > & 
$S^£A(y=<tfi-<y 2 0 * t (<*>,, (o 2 ) ^ #J & Mach-Zehnder ft 
£^-#&t*j*jfc*BS*S5 241 > 242 # J§(§ tfr^ i£ . 

f fa iH t -ft W 4ft ti #F fi (amplitude demodulator: 
AD)3 10JMF #T *fc 4 »J #J 4§ to A0it ft * -ft ft 4. 3S j£ 4 3 1 *p b£ 



* * # # 4ft tft A * ft 



ft X tH #. • * ifcb ' «t # »J 



& to 4 afc * > ZLMz.Vifrim&^L-HtiL® > it to st 
StfitSpS.Sj,Htftlf^44L*«A'hSE'fb.t • 

« 4t J. # *»J «7 ' P, * *fc 5. JH- # 4 *r it # 4i :-5T in #. o 
;fc*tfr^4^#^4ft****iqto4ffl4L;teiJ-#i&#4ftt& > 

n^r« Pii* s,a* #j ^ jh- 5. # m & 4i >f *p -ft ft 54 # • 

* # W 41 to A 4 *J & 4 ** « -- £ t& afc A 8 30* 
ll 5 - « ft jfc S «. £ 3 1 • to ft M. -f- % 4 m 4S * t ' £ $7 A A 

8 * 41 & ffl #. .ft fa a* -ft ft Pal g. % 4i & in . a ^ * b£ & m 
4i^ ; H*^«-^4i«j» . At»*.A8'flk*fflflE-*-« 

#4&&3£3t4'Jft# (1)5^*° ^ (2)5$, t 41 to £ (A^ = A^-A^) 

jL4£ja«fjrft4L4ft«*lSi j... si • U.flt4Sf 1 3lt 5. 
^&te--4ft«*lS£firft*m*t43io- ft *b ■ 
# *a to 4 m * # Vk 4 *J 4ft « t3 £ -ft ft - «. # «k 4 m ¥j 
H to -ft ft % # je tb Ifr -it fi A * ' ff 4P- * fh & m it 4 : it -B- 



it 

* 
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B7 



( ) 



# H 44 A0 # ft 4b |ft * a£ • * sin x =x &j ffi % . #J ^ # ^ & 

A t -ft St °T 4b K9 ^ : 4;tfsin(^)s2;*A^ (7) 

jtb . &\ #i 4ft « A * #*• A<z>/& j£ fcb ' H * ^ 4ft fft 

«■ m it 3L A * % 2 r K a^ > HAltitft-tf 
5 A^2 r K4£ ' A*«fc#tt3Mffl#;teifi*&.#;3r$fcf: »J ft 44 

*b *h » hSe. & ^ i€4£ € ^(feedback loop')32& • °T *'J ffl 

tt *° m & ^ ^ #j * #f ^ ^ ^ & & 272 tit fa S: ' it ft fa 

ft 4b #l # ft fa tf (nulling) tfj fa ft T 4*. 4£ 4fi *I 4£ ft 
110 (error signal) • il ffl -fc A^sOFtt i£ ' M. % A H 30|fr A # 4ft 
« it %t A * ^ A<zf ;& jMl '14 IM > *^f|,2r # -l± • 4£ 
Jfe £p a^ * m & /J> # ft 44 ft 4b 4 • # j& ' itb If f:-4£ #'J # T & 

&t ' * ^ A#£. ^ J: -f- ^ P & S jfe #7 ft 44 J: ' *» 
|1 5 *h J: -f- & P jfe A S }& »} g £'J f£ HZ JBL % U #1 ft *f fa 

& - ft *f n - & m #• - « j# s m it & 

ft 44 ft 4b #7 #7 & * • -£ *T A & ** « ffi # > iliiijfilii* 
tl <f m 4t * ' " 4S ffl ^1 4f- 44 a^ A 'J> » fl& 

^ #j ifc ay- & 4l #7 sa * • * itb • 4^ «• B ^ ^ >e ^ ^ ffl -jt 

|20 44 ^ > A A > ifc * > * A ^ tUfepa^jiijiwl^^^i 
6^ tIc, ^ ^, ^° H (optical sensor) t • 

itb ^ • ioli^fct^^fbfelS^ > 4s. * % A ffl 
>j5t ^ ,?£ 44 ^ (small displacement)^ 4 ^>J • g ^ gj; «]- 



* 

it 
H 

■21 

If 
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-s. > &ym*A ( ) 

9 



10 



15 



4(5 

n 

x 



20 



fli * H n 'b % & (small angle) « A * feft M i:* a f ^ 
>J> ft <fb #J SP *J f: £ j£ f.J o Zjt*r&&&i£%ife&$L%. 

3it^-^t^n(^^7F)' %k & $k t% m -m it %t 

dl d 

-f±- = 2)K-—[A0\ > i& UL *fc.4f #r 4 *J to #7 fWj ft 4b 4 
at at 

, * <y D =4^2^ M # , * # ^ # * ^ ^ m 

at at 

ft 4b it /fc *P H*i$^^<y D ' ita*««!ft'flr»A'ht: 
sw *P htl^^f w D - *ltiT^^2r Kte • -*r zp 
4 m * • ^ ' ^ . a £ • 

^f-ff^r^ffi-fc^ffr * A to # #j sp f; sty » # #j ^e. # ^ is. ^ 
€ as- ii #'J ffl *i to ft 4b # 4& ft *t fln J. £ 4£ *! -ft % » # *S 
* ^ -fr & «: ^ fid ife * to Hfc 16 ft ift ffl * W fi^-^ * + • 

*o JL /9f i£ . ® m. « « ft -ft & A 'J> it fcb ^ to J: ¥] JL & 



&i $$l sin (^) 



# »J 4fr #t i£ /& fi-J *i to ft 4b i& A ' Jfc 4£ A<zJ 



4t ttt 2 7T n+ 5 Bf • ^"*r-jSt-fS*Aa|tjt31tJt«t-«-f- 
ft *t H (up-and-down counter)3 12' # £fc n4® flkfejit Uttt 

*t *n /MP * #r *J ^ ^ *S to (5 ffl M fl A >h 4;*sii^|) tf £ A 

; ^ tn^f it » 0< <y< 7T v® ith ' * *t (n, 5 ) ' 
W*fc«r#*fc4»!lAI£ffltt*8toft'fb ' #*T****^«*&- 
|siB**.dJ^atoft4bit# • M m & s& & - tllliSi v 
& %h & M fa to ft: 3r A & JL • H -£ -ft St & 3 It 4 

#121 



* 
it 
HI 

* 

* 
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A7 

B7 

A * ( ) 

10 

3 1 t ±f tSt — ^9 4fc tb H (phase comparator)3 1 1 > W i& — & 
^ *8f 5 281 > 282iffi ^ ifi. aft H 291 > 292^ itl *h H f- & 
it ft m $fr >\. fa fa tb #& B 3 1 1 t • H ^" 4 **J ifc a<z> jt 

* » it $'J K #] *a fa £ it iT to 4l ^ £t • 
5 % * & > 4" * H * «&-32tH 4£ * *fc272«Hk J£ 

* -ft A#t = 0) = Afa ¥} Hk # T ' *«J t 4: t * it ft"* 



10 



15 



20 



/ 0U ,(A<af) = 



4^Tsin 



/__+Aj_ 



sin(A^) > it -ft 0<a<z> 0 < n ffl m 



%.® A0 o &±$l& fate & A0(t) - 

II & f JH- ^ * * * > ii M & ^ & ^ 3f 4& *h • # -sr *fc ffl 
4§ X ff jfc (orthogonal) *jL4fe*4b(P_tilSi8fc)_L-* m M ^ 
f 4* & (** Zeeman laser)40^ & » ii & ^ & H 43 1 jjf # tt 
jt$Kft&^%]L%L (P 2 +S 2 )^ it ft t£ jfc. (P! + S,) • #■ # & £ 
t^*.^**S.f iflg ^P 2 ^ 4 -5. S 2 ^ 4 J34 *» 
% va m ?ft y£ » & & 4b & *f H (analyzer)422 £ g * 

^s.t i^^^f > ^itb « p 2 j& s 2 ^ m it & ft % Aiim 
it it to ^ * 2. -f- ' # ^ ^ *b Jl >?Mf ft • ja * 

4fc *8t if 482# ^ * ^ 'ft ft > ji J-X A w=w P -w s |, t 
* *4 * S 492* ft *fr ^ £ $fr it A g 50 + • ft ft & * *«J 
M ift m it Tfe ^ tIq Ji 46 1 jff S, P 1 jfc ^ jt ' ^ ^ f ^ « t 
-ft * P , ^ M M. # 3HJ 9 1 ii m. # ^'J ^7 ' S , m * ^ © >s. tt 

%t 47 I £L tt > ifr fait Jtfr & K 461^-Gf JSL & £ 432# to ft . 

»13I 



it 
W 

* 



3T 
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B7 



-2L - &*AOL*A ( ) 



10 



15 



20 



n 



&M.&4b & x 42i > m & m *a s. s jl ^ p, ^ * it s , & 

t^if f ' 4* j& 4t ft & >h £ -f- #r -ff ft * ft SSL&Mtem 
481ii ^ i£ ^ fi 491i&^ £ tfr A || 50 t - * t • it ft ft 
*h M. -f- & it ft # *» T 3, : 



7 lf(f (A<2#) = 7^ (Aa*) = ^/T^ sin 2*, cos(A<2* + A^) ( 8 ) 

* t ' <9 s ^ it ft & 4L t ' £Mb & # 421 # & -fb || ; 

A^=^ -^.^S^ Pj^L # fa fa M. ; A co = oj p - <y s . Vp& # 

a'JMi&P,;*.*^, & • 

TO S » 4" * ^ *h J: -f- # it ft JW & • 



I nf (Aat) = (Afljf ) = 4 i p 1 i s 1 sin 2<? r cos(A;yr + A^ re/ ) ( 9 ) 

9 r h #- ^? ft £ t ' 4£ 4b & #f >} 422 4L ;£ <fb 3 • 
M e/ =^ 2 XL P 2 ^- S 2 iiL¥) & ft. M. • -mg:it%ift£L$-J?ft& 
4b ft ft K 421 * 422tfj & 4b % J$L 0 S J8L 0 r 'it 

-h i& *h Mi -f- * • flr ft a tit A * ft a 



VV^sin2* s =4W^ sin20 r =2^ ^- M 4* • J'J -L it I ref (Aat) £. 

I sis (A<X) = I Pi+Si (Jfflt) = 2^cos(zf£* + zf^ sig ) (10) 

I ref ( J<z*) = Ip 2+S2 ( J<at) = 2^ cos(zla« + zf^ ref ) (11) 



7 ou , (A<*) = y[l nf (Aaf ) - 7, ; , (A<2*)] = 4^sin^j 



sin(A<«) (12) 



£ t &0 = A0 re/ -A0 sig £ } $-Jtjt$L*>it%Ljt$LZ-teiSL£_ • r 



£141 



it 
H 
ft 

-5- 



****£.i4*l +M*IMt ( CNS ) ( 210X 2974S& ) 



A7 

B7 

-2- - fcty-HLty C ) 

12 

% £. % H 50# if & (gain) - 

at * S,Sfe ^ * a . Mi^ftit ft & (P, +S,) A ^ 1 f f |. 

Sfe (P 2 +S 2 )# *g >fc M. A0tk % A0(t = O) = A0 o > HiU&A 



5 n $r ih it ft i out (A^)= 



10 



4^sinf MlM 



sin(A^) t ' Afa °r #; fit ^ 



0< A^ 0 < 7T |£ m ft ' fl& -fit it ft ^(t) # g <fb « & 41. jft 
(bias) » #L Hfj sf g #j g 4l >F ft • itt *h »■ f ^ t f 

it ft £ (P, +s,) A^if (p 2 +s 2 ) sd^afti ^ & 

. ( Ad>\ Ad> ^ 

Sm {~T) = ~r 3 * ' * J I o"t(A^)=|2^sin(A^) o M t& 18 g ft ft 
I OU t(A<2*)4L f£ A 'J> % fa fa it ft A0 6*7 2 r X i£ ' it W A0=O 

X * . <£ ft £ -f- ft it ft & (P t +S,) JSL ^ £ -f- ft $- % 
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